Introduction
============

Lung cancer remains the most frequent newly diagnosed and first leading cause of cancer-related deaths worldwide.[@b1-cmar-10-2031]--[@b3-cmar-10-2031] In more developed countries, it has even overpassed breast cancer as the leading cause of cancer death in females. In People's Republic of China, lung cancer incidence has been increasing and the new diagnosed lung cancer cases in year 2011 increased by 34.8% compared with 2005 data.[@b2-cmar-10-2031] In addition to high incidence and mortality, lung cancer prognosis remains unsatisfied, with a 5-year survival of \<10%.[@b2-cmar-10-2031] Treatment strategies with high efficiency and safety profiles are urgently needed.

Antigen-specific T-cell immunotherapy has become an active area of cancer immunotherapy in recent years. Previous studies have demonstrated that antigen-specific T-cell immunotherapy can induce a phenotypic and functional conversion of T cells into a central memory type, resulting in 50%--80% disease stabilization in refractory and progressive metastatic melanoma patients. Continuous complete response was even seen in one patient for over 3 years.[@b4-cmar-10-2031],[@b5-cmar-10-2031] Another study involving relapsed or high-risk leukemia showed a response rate of over 60% induced by long-lived memory T cells.[@b6-cmar-10-2031] All studies give us great encouragement for the long-term efficient anti-tumor effect and safety profiles of antigen-specific T-cell immunotherapy.[@b4-cmar-10-2031]--[@b6-cmar-10-2031] However, not all malignancies have potential targets with high immunogenicity.[@b7-cmar-10-2031] The lack of effective targets is the most important element restricting the usage of antigen-specific T-cell immunotherapy in a wide range of cancers.

Cancer/testis antigens (CTAs) are considered as ideal targets for cancer immunotherapy. They are expressed in a wide range of malignancies, while in normal tissues their expression is restricted in germline cells.[@b8-cmar-10-2031]--[@b10-cmar-10-2031] Germ cells can escape from T-cell-induced attack due to the downregulation of HLA class I molecules. Thus, T cells can exclusively identify and attack cancer cells expressing corresponding CTA but spare normal somatic cells.[@b11-cmar-10-2031] Along with bladder cancer, melanoma, and ovarian cancer, non-small cell lung cancer (NSCLC) is found to have the highest frequency of CTA expression.[@b11-cmar-10-2031] Thus, CTA-specific T-cell immunotherapy may be more promising in NSCLC treatment.

So far, there are over 200 distinguished CTAs in CT database (<http://www.cta.lncc.br>), and 39% (90/232) CTAs are demonstrated to be expressed in NSCLC.[@b11-cmar-10-2031],[@b12-cmar-10-2031] However, CTA expression has significant regional and racial difference. For example, MAGEA3 expression in NSCLC ranges from 35% to 60% in studies involving American and European patients.[@b13-cmar-10-2031],[@b14-cmar-10-2031] Previous studies of NSCLC mostly focused on the evaluation of a subset of CTA expression.[@b8-cmar-10-2031],[@b15-cmar-10-2031]--[@b19-cmar-10-2031] In addition, it is costly to establish the antigen-specific T-cell therapy library expressing different CTA expressions. In order to improve the feasibility of antigen-specific T-cell therapy, the screening of CTAs to achieve the goal of the widest range of CTA expression coverage with the least CTAs combination is of great value.

Currently, no CTA expression profiles are established in People's Republic of China. In this study, we aimed to establish a CTA profiling in resected pathological stage III NSCLC through a comprehensive analysis of 10 CTAs' expression. Stratified analysis was also performed based on variable clinicopathological characteristics to evaluate the best CTA combination covering the widest range of selected NSCLC cases. The construction of CTA expression profile will provide more potential for further study of antigen-specific T-cell immunotherapy.

Materials and methods
=====================

Patients and specimens
----------------------

This study used 200 resected pathological stage III lung cancer tissue specimens (100 squamous cell carcinoma \[SCC\], 100 adenocarcinomas \[ADCs\], 1:1) for immunohistochemistry. The tissues were surgically obtained at our hospital between January 2012 and December 2014. This study was approved by the Ethics Committee of Harbin Medical University Cancer Hospital. Prior to the study, written informed consent was obtained from each patient. The tumor stage was classified based on the 8th Edition Lung Cancer Stage Classification.[@b20-cmar-10-2031]

CTA selection
-------------

CTAs are categorized into multiple family members. In order to select representative CTAs to establish CTAs profiling, we chose CTAs of variable family numbers as soon as possible including MAGE family, newly identified families, and some other family numbers ([Table 1](#t1-cmar-10-2031){ref-type="table"}).

Immunohistochemistry
--------------------

The paraffin-embedded samples were sliced into 5 μm sections. Each slice was heated at 70°C overnight and then dewaxed using a xylene and ethanol gradient. Then, 3% hydrogen peroxide was used to block the endogenous peroxidase activity, and the specimens were heated in 0.01 mmol/L citrate buffer (pH 6.0) for 10 min. The sections were then incubated with the primary antibodies overnight at 4°C. The primary antibodies and dilutions used in this study are listed in [Table 1](#t1-cmar-10-2031){ref-type="table"}. The specimens were washed and then incubated in a secondary antibody for 20 min at room temperature. The specimens were visualized with 3,3'-diaminobenzidine (ZSGB-BIO Inc., Beijing, People's Republic of China) and counterstained with hematoxylin solution.

Immunohistochemistry scoring
----------------------------

CTA expression was assessed by two pathologists. The immunopositivity of the CTAs was evaluated in a semi-quantitative manner for the intensity (0=negative, 1=weak positive, 2=moderate positive, 3=strong positive) and the percentage of positive tumor cells (0%--100%). All tumors with \>20% of the cells showing 2+ or 3+ staining intensity were considered positive.[@b21-cmar-10-2031]

Hierarchical analysis
---------------------

We employed unsupervised hierarchical clustering analysis to demonstrate deep pairwise relationships between genes. This clustering method seeks to build a hierarchy of clusters. Normalized Hamming distance was used as a metric, and clusters were formed by using farthest point algorithm. Result of clustering is shown as heatmap.

Frequency of CTA expression analysis
------------------------------------

In order to estimate percent of patients who have specific genes, we wrote an algorithm in python programming language. The algorithm generated all possible permutations (without repetitions) of specific genes and estimated how many patients had this combination of genes. Such analysis was not only performed on all patients, but also on certain groups of patients as well. For instance, we did split patients according to their sex, histology, and smoking status, and performed the analysis.

EGFR mutation examination
-------------------------

Briefly, genomic DNA was extracted and purified from formalin-fixed paraffin-embedded NSCLC biopsies. The most common epidermal growth factor receptor (EGFR) mutations including exon 18, 19, 20, and 21 were assessed by using the PCR screening method. The assay was performed in 384-well reaction plates (Thermo Fisher Scientific, Waltham, MA, USA), and the reaction was carried out in 40 uL, containing 4 uL of the TaqMan Master Mix (Thermo Fisher Scientific), primers and probes at a final concentration of 9 uM and 2 uM, respectively. The remaining volume was made up to 40 uL with PCR grade water. The reaction was carried out at 95°C for 5 minutes, followed by 46 cycles at 95°C for 40 seconds, 62°C for 20 seconds, and 60°C for 40 seconds, in the Thermo Fisher Scientific 7500 HT machine.

Statistical analysis
--------------------

The overall survival (OS) time was defined from diagnosis to death or the last follow-up if the patients were still alive. Sufficient clinical data were available. The survival curves and 95% confidence intervals (CIs) were obtained using the Kaplan-Meier method, and the survival rate in different groups was compared by log-rank tests. The relationships between CTAs and clinicopathological features were assessed by the chi-squared test. Univariate analysis was used to evaluate the potential prognostic role of variables. The prognostic factors with *P*-values \<0.2 in the univariate analysis were examined in the multivariate analysis. SPSS 16.0 statistical software was used for statistical analysis. All *P*-values \<0.05 were considered statistically significant.

Results
=======

Patient characteristics
-----------------------

The patient characteristics are listed in [Table 2](#t2-cmar-10-2031){ref-type="table"}. Most patients were males (66.0%, n=132) and ever smokers (61.5%, n=123). The mean age for all cases was 56.61±8.45 years (range 32--81 years). All patients enrolled were diagnosed at stage III: IIIA (76.5%, n=153) and IIIB (23.5%, n=47). The number of patients treated with postoperative adjuvant chemotherapy and thoracic radiotherapy was 104 (52.0%) and 24 (12.0%), respectively. The main pathological types were ADC (50.0%, n=100) and SCC (50.0%, n=100).

CTA expression at protein level
-------------------------------

The negative and positive CTA expression profiles in NSCLC are listed in [Figure 1](#f1-cmar-10-2031){ref-type="fig"}. In 200 patients, CTA expression sequence from low to high was listed as MAGEA3, VCX1, VCX3A, MAGEB2, CTAG1A/B, XAGE1, MAGEC1, KK-LC-1, MAGEA10, and MAGEA1, range 25.5%--60.0% ([Figure 2A](#f2-cmar-10-2031){ref-type="fig"}). CTA expression in ADC and SCC patients ranged from 24.0% to 64.0% and from 17.0% to 56.0%, respectively. MAGEA1 showed the highest frequency of CTA expression ([Table 3](#t3-cmar-10-2031){ref-type="table"}).

CTA co-expression and cluster analysis
--------------------------------------

The majority of CTAs were co-expressed in our study; only 15.0% (n=30) of NSCLC cases did not express any CTA ([Figure 2](#f2-cmar-10-2031){ref-type="fig"} C and D). The frequencies of at least 1--5 expressed CTAs were 85.0%, 74.5%, 65.0%, 52.5%, and 43.5% of the total 200 cases, respectively. We also found the rates were 87.0%, 80.0%, 71.0%, 60.0%, and 53.0% for ADC patients. The results were 83.0%, 69.0%, 59.0%, 45.0%, and 34.0% for SCC patients ([Figure 2B](#f2-cmar-10-2031){ref-type="fig"}).

Hierarchical clustering analysis was performed to assess CTA expression patterns among 200 NSCLC cases ([Figure 3](#f3-cmar-10-2031){ref-type="fig"}). The results showed that CTAs were co-expressed, one CTA usually expressed together with another one or several CTAs. For example, MAGEA1 expression was usually accompanied by MAGEC1 expression. In addition, CTA expression was found to be histology dependent. For example, XAGE1 showed a significant higher expression frequency in lung ADC.

Relationship between CTA expression and clinicopathological features
--------------------------------------------------------------------

Of all CTAs, MAGEA3 (ADC vs SCC, 34.0% vs 17.0%, *P*=0.006), MAGEA10 (61.0% vs 39.0%, *P*=0.002), MAGEC1 (63.0% vs 30.0%, *P*\<0.001), XAGE1 (49.0% vs 24.0%, *P*\<0.001,) and CTAG1A/B (50.0% vs 20.0%, *P*\<0.001) had higher expression trends in ADC. MAGEB2 (ADC vs SCC, 27.0% vs 42.0%, *P*=0.026) had an increased expression in SCC ([Figure 2A](#f2-cmar-10-2031){ref-type="fig"}, [Table 3](#t3-cmar-10-2031){ref-type="table"}). We also found that MAGEC1 and XAGE1 were expressed more often in female patients. In addition, MAGEB2, MAGEC1, and XAGE1 expressions were closely associated with smoking history. No significant age and TNM differences were found between CTA expressions. CTA expression was closely correlated with sex, smoking history, and histology.

Profiling CTAs in resected stage III lung cancer
------------------------------------------------

Any 2, 3, and 4 CTAs were coupled to explore the best CTA combinations that could cover the widest range of patients in our group. Of 10 CTAs, there were 45, 120, and 210 conditions when any 2, 3, and 4 CTAs were combined. The best 2, 3, and 4 combinations were MAGEA1+MAGEA10, MAGEA1+MAGEA10+CTAG1A/B, and MAGEA1+MAGEA10+CTAG1A/B+VCX1 (or MAG EA1+MAGEA10+MAGEB2+CTAG1A/B), which covered 72.0%, 76.5%, and 79.5% of total cases, respectively. The top 10 combinations in 2, 3, and 4 CTAs groups are listed in [Figure 4A](#f4-cmar-10-2031){ref-type="fig"}.

CTAs profiling based on clinicopathological characteristics
-----------------------------------------------------------

Given that CTA expression was closely associated with sex, smoking history, and pathological types, stratified analysis was performed to assess the best CTA profiling for patients with variable clinicopathological features ([Figures 4](#f4-cmar-10-2031){ref-type="fig"}[](#f5-cmar-10-2031){ref-type="fig"}--[6](#f6-cmar-10-2031){ref-type="fig"}). Eight groups were categorized based on variable clinicopathological characteristics. For patients with features of male sex, positive smoking history, and ADC (n=26, 13.0%), the most commonly expressed CTA was MAGEA1 (80.8%). Two CTA (MAGEA1+KK-LC-1) combination covered 92.3% of total cases, which was equal to 3 or 4 CTA combination ([Figure 5C](#f5-cmar-10-2031){ref-type="fig"}). For patients with features of female sex, no smoking history, and ADC, 2, 3, and 4 CTA combination improved the coverage to 80.4%, 89.1%, and 89.1% ([Figure 4B](#f4-cmar-10-2031){ref-type="fig"}), compared with 75.0%, 81.3%, and 87.5% in patients with features of male sex, no smoking history, and ADC ([Figure 5A](#f5-cmar-10-2031){ref-type="fig"}). No significant coverage difference was found between 2 and 4 CTA combinations in female/positive smoking history/ADC and female/smoking history±/SCC patients ([Figure 4C--E](#f4-cmar-10-2031){ref-type="fig"}). Two CTA combination could best cover these patients. Even in the condition of 4 CTA combinations, the coverage was \~80.0% for the other two groups ([Figure 5B and D](#f5-cmar-10-2031){ref-type="fig"}). Detailed CTA combination information is given in [Figure 6](#f6-cmar-10-2031){ref-type="fig"}.

CTA expression and OS
---------------------

There was no significant correlation between CTAs expression and OS for total cases (*P*\>0.05). In univariate analysis, postoperative adjuvant chemotherapy (*P*=0.020) and TNM stage (*P*=0.034) were found to be correlated with lung cancer prognosis. Only TNM stage (hazard ratio, HR=1.691, 95% CI=1.033--2.767, *P*=0.037) held statistical significance in multivariate analysis ([Table 2](#t2-cmar-10-2031){ref-type="table"}).

We also conducted subgroup analyses based on variable pathological types, and the results showed that adjuvant chemotherapy (HR=0.352, 95% CI=0.183--0.678, *P*=0.002) and VCX1 (HR=2.168, 95% CI=1.138--4.132, *P*=0.019) were independent prognostic factors for SCC patients ([Figure 7A](#f7-cmar-10-2031){ref-type="fig"}, [Table 4](#t4-cmar-10-2031){ref-type="table"}). In ADC patients, we found that age (HR=2.107, 95% CI=1.010--4.398, *P*=0.047), TNM stage (HR=2.196, 95% CI=1.094--4.408, *P*=0.027), and MAGEA10 (HR=0.530, 95% CI=0.287--0.979, *P*=0.043) were independent prognostic factors for these patients ([Figure 7B](#f7-cmar-10-2031){ref-type="fig"}). Age \<65 years, stage IIIA, and positive MAGEA10 expression represented favorable prognosis.

Subgroup analysis based on patients treated with or without adjuvant chemotherapy showed that MAGEA3 (HR=2.056, 95% CI=1.055--4.008, *P*=0.034) and XAGE1 (HR=0.502, 95% CI=0.260--0.968, *P*=0.040) were independent prognostic factors in patients treated without adjuvant chemotherapy ([Table 5](#t5-cmar-10-2031){ref-type="table"}). Patients with negative MAGEA3 and positive XAGE1 expression showed prolonged survival ([Figure 7C and D](#f7-cmar-10-2031){ref-type="fig"}). In addition, TNM stage (HR=2.423, 95% CI=1.160--5.063, *P*=0.019) was found to be an independent unfavorable prognostic factor in patients treated with postoperative adjuvant chemotherapy.

Analysis of the OS of patients expressing XAGE1 and MAGEA3
----------------------------------------------------------

Based on the subgroup analysis results, we aimed to assess the combined prognostic roles of XAGE1 and MAGEA3 in patients treated without adjuvant chemotherapy. Patients with XAGE1-positive expression and MAGEA3-negative expression showed prolonged OS ([Figure 7E, *P*](#f7-cmar-10-2031){ref-type="fig"}=0.048). We clustered these patients based on XAGE1 and MAGEA3 expression: Cluster A was expected to have a poorer prognosis and included XAGE1-positive and MAGEA3-positive, XAGE1-negative with either MAGEA3-negative or positive cases ([Figure 7F](#f7-cmar-10-2031){ref-type="fig"}). Cluster B was expected to have a prolonged survival and included XAGE1-positive and MAGEA3-negative cases (*P*=0.010). We also examined the roles of XAGE1 and MAGEA3 in all 200 patients, and the results showed a similar trend. However, the *P*-value was not statistically significant (*P*=0.130).

CTA expression and EGFR mutant status
-------------------------------------

EGFR tyrosine kinase inhibitors were demonstrated to greatly improve the disease-free survival of resected stage II--IIIA EGFR-mutant lung cancer patients. In our study, we also evaluated the association between CTA expression and EGFR mutant status. Of all ADC patients, only 8 (8.0%) cases had definitive EGFR mutant and the rest 92 (92.0%) had no or unknown EGFR mutant status. Unfortunately, our results showed CTA expression had no significant correlations with EGFR mutant status (*P*\>0.05): MAGEA1 (no or unknown mutant status vs mutant, 62.0% vs 87.5%, *P*=0.253), MAGEA3 (33.7% vs 37.5%, *P*=1.000), MAGEA10 (62.0% vs 50.0%, *P*=0.708), MAGEB2 (26.1% vs 37.5%, *P*=0.443), MAGEC1 (61.9% vs 75.0%, *P*=0.707), XAGE1 (47.8% vs 62.5%, *P*=0.483), KK-LC-1 (45.7% vs 75.0%, *P*=0.149), CTAG1A/B (50.0% vs 50.0%, *P*=1.000), VCX1 (23.9% vs 25.0%, *P*=1.000), and VCX3A (26.1% vs 0.0%, *P*=0.193). In addition, no significant difference was found between EGFR mutant status and age, sex, smoking history, and TNM stage (*P*\>0.05). The relationship between CTA expression and EGFR mutant status remained to be studied.

Discussion
==========

In this study, we comprehensively mapped CTA landscape in resected pathological stage III NSCLC based on CTA expression at protein level. Stratified analysis based on variable clinicopathological characteristics achieved the coverage of 92.3% with only 2 CTA combination in patients with features of male sex, positive smoking history, and ADC, compared with a 85.0% coverage for total cases when 10 CTAs were assessed. A maximum of \~90.0% coverage can also be reached by 3 or 4 CTA combination in patients with features of male/female sex, no smoking history, and ADC. The goal of the maximum CTA expression coverage with the least CTA combination was achieved. In addition, selected CTAs were identified to be associated with prognosis on subgroup analysis. All results are of great significance for further study of CTA-specific T-cell immunotherapy.

For some reason, the patients enrolled in our study are all at stage III. On one hand, stage III NSCLC represents a heterogeneous group ranging from apparently resectable tumors with minimal mediastinal involvement to unresectable, bulky or contralateral nodal involvement nodal disease.[@b22-cmar-10-2031],[@b23-cmar-10-2031] It shows a worse prognosis with a 5-year survival of 15%, compared with that of 76% and 46% in early stage I and II patients.[@b23-cmar-10-2031] On the other hand, stage IV patients are usually diagnosed by needle biopsy with limited tumor samples. Considering the poor prognosis as well as the assurance of enough surgical samples, we choose stage III patients for our present study. Interestingly, both stage IIIA and IIIB patients were included in our study. Our study was a retrospective study and patients were enrolled in 2012--2014, while we used the newest 8th Edition Lung Cancer Stage Classification to assess tumor stage, which resulted in a part of stage IIIA patients into IIIB.[@b20-cmar-10-2031] For example, patients with T (5 cm\<T≤7 cm or T\>7 cm) N2M0 belong to stage IIIA (T2/T3N2M0) in the 7th edition stage classification, while they are classified as stage IIIB (T3/T4N2M0) in the 8th edition stage classification.[@b20-cmar-10-2031],[@b24-cmar-10-2031]

Most CTAs are co-expressed, and a previous study involving 90 CTAs demonstrated that only 5.5% of NSCLC cases do not express any CTA.[@b11-cmar-10-2031] In our study, 10 CTA combination can induce a frequency of 15.0% NSCLC patients expressing no CTA. Single CTA expression results in a maximum coverage of 60.0% in total cases, while 2, 3, and 4 CTAs can improve the frequency to 72.0%, 76.5% and 79.5%, respectively. In our group, CTA expression was closely associated with clinicopathological characteristics including histology, sex, and smoking history. Therefore, stratified analysis was performed to assess the best CTA profiling for patients with variable clinicopathological features. For patients with features of male sex, positive smoking history, and ADC, single MAGEA1 expression can cover 80.8% patients, while 2 CTA combination reaches the maximum coverage of 92.3%. This is a significant improvement compared with a coverage rate of 85.0% for total patients assessed by 10 CTAs in our study. For patients with features of female sex, no smoking history, and ADC, the combination of 3 CTAs can cover the widest range of 89.1% cases. For patients with features of male sex, no smoking history, and ADC, a combination of 4 CTAs can reach a maximum coverage of 87.5% cases. With the help of computer programming language, the goal of the maximum CTA expression coverage was reached by using the least CTA combination in patients with variable clinicopathological features. In selected patients, the examination of 2 or 3 CTAs may be enough, which can cover \~90.0% NSCLC cases. We can choose to examine different CTA combinations for patients with variable clinicopathological characteristics.

Our immunohistochemistry results reveal that half of CTAs have higher expression in ADC patients, while only MAGEB2 is highly expressed in SCC patients. In subgroup analysis, VCX1 is also demonstrated to be an independent negative prognostic factor in SCC patients. There are currently limited treatment options for SCC and the strategies remain unsatisfied. MAGEB2 and VCX1 may represent potential targets for SCC treatment. In addition, MAGEA10 is identified to be an independent favorable prognostic factor in ADC patients. These results provide a new direction in the further studies of lung cancer.

In subgroup analysis, MAGEA3 and XAGE1 are also demonstrated to be closely associated with OS. The negative role of MAGEA3 protein has been demonstrated in previous studies, and this is consistent with our results.[@b10-cmar-10-2031],[@b25-cmar-10-2031]--[@b29-cmar-10-2031] MAGEA3 expression can significantly promote cell proliferation and tumor survival and suppress apoptosis, while silencing MAGEA3 can improve the chemotherapy sensitivity of tumor cells.[@b30-cmar-10-2031]--[@b32-cmar-10-2031] The role of XAGE1 remains controversial at present. Previous study shows that the co-expression of XAGE1 antigen and MHC class I on tumor cells can contribute to a prolonged survival in NSCLC patients, while XAGE1 expression alone has no impact on OS.[@b33-cmar-10-2031] In other studies, XAGE1 antibody is found to be accompanied by XAGE1 antigen expression in half advanced ADC patients, leading to a better survival by eliciting CD4 and CD8 T-cell responses.[@b18-cmar-10-2031],[@b34-cmar-10-2031],[@b35-cmar-10-2031] In addition, patients can be grouped, based on the expression of MAGEA3 and XAGE1, into Cluster A, who had a poorer prognosis, and Cluster B, who had a prolonged survival.

In our study, no significant expression difference was found between stage IIIA and IIIB patients. In previous studies, it was found that CTA expression was closely correlated with tumor stage and advanced stage patients showed a higher CTAs expression.[@b7-cmar-10-2031],[@b36-cmar-10-2031] Only patients with stage III were enrolled in our study, while patients with early stage I--II were excluded. CTA expression difference may be more significant between patients with early stage I--II and locally advanced non-metastatic stage III. In addition, we are interested in whether CTAs expression has significant correlation with EGFR mutant status. Unfortunately, the result is negative. Due to the retrospective feature of our study and low EGFR mutant rate in SCC, only 8 lung ADC patients had definite EGFR mutant status results and we only evaluated the correlation between CTA expression and lung ADC. We will collect more samples to demonstrate their correlations in our further study.

In conclusion, CTAs are ideal candidates for CTA-specific T-cell immunotherapy. We have established a CTA profiling in resected pathological stage III NSCLC based on 10 CTAs. The goal of the maximum CTA expression coverage is reached by using the least CTA combination based on variable histology, sex, and smoking history. These results can provide more valuable evidences for further clinical usage of individualized CTA-specific T-cell immunotherapy.
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![Positive and negative immunohistochemical staining of 10 selected CTAs in NSCLC according to pathological types.\
**Note:** +, positive expression; −, negative expression.\
**Abbreviations:** CTAs, cancer/testis antigens; NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma.](cmar-10-2031Fig1){#f1-cmar-10-2031}

![Expression of CTAs in NSCLC.\
**Notes:** (**A**) CTA expression analysis in NSCLC. ^\*^*P*\<0.05. (**B**) At least 1--5 CTA positive expression in NSCLC. (**C** and **D**) CTA co-expression and proportion for all cases. Co-expression of the number of CTAs expressed in a NSCLC tumor sample is shown on the x-axis and the number of tumor samples is shown on the y-axis.\
**Abbreviations:** CTAs, cancer/testis antigens; NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma.](cmar-10-2031Fig2){#f2-cmar-10-2031}

![Hierarchical cluster analysis of CTAs in NSCLC.\
**Notes:** The 200 NSCLC cases were clustered based on the expression of the 10 CTAs in our group. The positive CTAs expression is marked red, and the negative expression is marked white.\
**Abbreviations:** CTAs, cancer/testis antigens; NSCLC, non-small cell lung cancer.](cmar-10-2031Fig3){#f3-cmar-10-2031}

![CTA profiling data based on any 2--4 CTA combination in total cases and precision CTA profiling data based on variable clinicopathological features.\
**Notes:** (**A**) Single CTA expression and the best 2, 3, and 4 CTA combination covering the widest range of total 200 NSCLC cases. (**B**) CTA expression results for patients with the characteristics of female sex, no smoking history, and ADC. (**C**) CTA expression results for patients with the characteristics of female sex, no smoking history, and SCC. (**D**) CTA expression results for patients with the characteristics of female sex, positive smoking history, and ADC. (**E**) CTA expression results for patients with the characteristics of female sex, positive smoking history, and SCC.\
**Abbreviations:** CTA, cancer/testis antigen; NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma.](cmar-10-2031Fig4){#f4-cmar-10-2031}

![Precision CTA profiling data based on variable clinicopathological features.\
**Notes:** (**A**) Single CTA expression and the best 2, 3, and 4 CTA combination for patients with the characteristics of male sex, no smoking history, and ADC. (**B**) CTA expression results for patients with the characteristics of male sex, no smoking history, and SCC. (**C**) CTA expression results for patients with the characteristics of male sex, positive smoking history, and ADC. (**D**) CTA expression results for patients with the characteristics of male sex, positive smoking history, and SCC.\
**Abbreviations:** CTA, cancer/testis antigen; ADC, adenocarcinoma; SCC, squamous cell carcinoma.](cmar-10-2031Fig5){#f5-cmar-10-2031}

![Establishment of CTA profiles to cover the widest range of NSCLC patients in our group based on variable sex, smoking history, and histology.\
**Note:** Each triangle represents one CTA combination.\
**Abbreviations:** CTA, cancer/testis antigen; NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma.](cmar-10-2031Fig6){#f6-cmar-10-2031}

![Prognostic roles of CTAs in non-small cell lung cancer.\
**Notes:** (**A**) Positive VCX1 expression was identified to be a negative prognostic factor of SCC patients based on subgroup analysis. (**B**) The favorable prognostic role of MAGEA10 in ADC patients. (**C** and **D**) Prognostic role of MAGEA3 and XAGE1 in patients treated without adjuvant chemotherapy. (**E**) OS of patients stratified by the expression of MAGEA3 and XAGE1 is shown by Kaplan-Meier method (*P*=0.048). (**F**) Clusters A and B are classified in the text. Cluster B shows a prolonged survival compared with Cluster A (*P*=0.010).\
**Abbreviations:** CTA, cancer/testis antigen; SCC, squamous cell carcinoma; ADC, adenocarcinoma; OS, overall survival.](cmar-10-2031Fig7){#f7-cmar-10-2031}

###### 

List of immunomarkers used for the immunohistochemical staining of non-small cell lung cancer

  Genes        CTA family    Clone              Dilution     Antigen retrieval   Source
  ------------ ------------- ------------------ ------------ ------------------- ----------------------
  *MAGEA1*     MAGEA         Rabbit polyclone   1:25         Citrate buffer      SAB Signalway
  *MAGEA3*     MAGEA         Rabbit polyclone   1:75         Citrate buffer      SAB Signalway
  *MAGEA10*    MAGEA         Rabbit polyclone   1:50         Citrate buffer      SAB Signalway
  *MAGEB2*     MAGEB         Rabbit polyclone   1:30         Citrate buffer      SAB Signalway
  *MAGEC1*     MAGEC         Rabbit polyclone   1:20         Citrate buffer      SAB Signalway
  *XAGE1*      XAGE1/GAGED   Goat polyclone     6.67 µg/mL   Citrate buffer      Abcam, Cambridge
  *KK-LC-1*    Other         Rabbit polyclone   1:50         Citrate buffer      SAB Signalway
  *CTAG1A/B*   NY-ESO-1      Rabbit polyclone   1:25         Citrate buffer      SAB Signalway
  *VCX1*       VCX           Rabbit polyclone   1:50         Citrate buffer      Invitrogen, Carlsbad
  *VCX3A*      VCX           Mouse polyclone    7.2 µg/mL    Citrate buffer      Sigma-Aldrich

###### 

Prognostic analysis of 10 CTAs at protein level

  Variables                   Univariate analysis   Multivariate analysis                                      
  --------------------------- --------------------- ----------------------- ----------- -------------- ------- -----------
  **Sex**                                                                   0.256                              
   Male                       59/132                44.7                                                       
   Female                     25/68                 36.8                                                       
  **Age (years)**                                                           0.052       0.943--2.689   1.593   0.081
   \<65                       64/163                39.3                                                       
   ≥65                        20/37                 54.1                                                       
  **Smoking history**                                                       0.744                              
   No                         32/77                 41.6                                                       
   Yes                        52/123                42.3                                                       
  **Pathological types**                                                    0.966                              
   ADC                        42/100                42.0                                                       
   SCC                        42/100                42.0                                                       
  **Chemotherapy**                                                          **0.020**   0.454--1.120   0.713   0.142
   No                         48/96                 50.0                                                       
   Yes                        36/104                34.6                                                       
  **Thoracic radiotherapy**                                                 0.161       0.254--1.381   0.592   0.225
   No                         78/176                44.3                                                       
   Yes                        6/24                  25.0                                                       
  **TNM stage**                                                             **0.034**   1.033--2.767   1.691   **0.037**
   IIIA                       60/153                39.2                                                       
   IIIB                       24/47                 51.1                                                       
  **MAGEA1**                                                                0.421                              
   Negative                   29/80                 36.3                                                       
   Positive                   55/120                45.8                                                       
  **MAGEA3**                                                                0.940                              
   Negative                   62/149                41.6                                                       
   Positive                   22/51                 43.1                                                       
  **MAGEA10**                                                               0.193       0.545--1.350   0.858   0.508
   Negative                   46/100                46.0                                                       
   Positive                   38/100                38.0                                                       
  **MAGEB2**                                                                0.379                              
   Negative                   59/131                45.0                                                       
   Positive                   25/69                 36.2                                                       
  **MAGEC1**                                                                0.319                              
   Negative                   46/107                43.0                                                       
   Positive                   38/93                 40.9                                                       
  **XAGE1**                                                                 0.137       0.436--1.170   0.714   0.181
   Negative                   59/127                46.5                                                       
   Positive                   25/73                 34.3                                                       
  **KK-LC-1**                                                               0.289                              
   Negative                   39/105                37.1                                                       
   Positive                   45/95                 47.4                                                       
  **CTAG1A/B**                                                              0.476                              
   Negative                   52/130                40.0                                                       
   Positive                   32/70                 45.7                                                       
  **VCX1**                                                                  0.494                              
   Negative                   59/147                40.1                                                       
   Positive                   25/53                 47.2                                                       
  **VCX3A**                                                                 0.846                              
   Negative                   63/146                43.2                                                       
   Positive                   21/54                 38.9                                                       

**Note:**

Observed death number/total patient number in each group. The bold numbers represent that the *P*-value of the prognostic factors in univariate analysis is \<0.05, which is significant in univariate analysis.

**Abbreviations:** CTAs, cancer/testis antigens; CI, confidence interval; HR, hazard ratio; ADC, adenocarcinoma; SCC, squamous cell carcinoma.

###### 

Correlations between CTA expression and clinicopathological features

  Variables      Sex          *P*         Age (years)   *P*          Smoking history   *P*     Pathological types   *P*         TNM stage   *P*                                                            
  -------------- ------------ ----------- ------------- ------------ ----------------- ------- -------------------- ----------- ----------- ----------- ----------- ------------- ------------ ----------- -------
  **MAGEA1**                              0.583                                        0.413                                    0.812                               0.248                                  0.077
   Negative      51 (38.6)    29 (42.6)                 63 (38.7)    17 (45.9)                 30 (39.0)            50 (40.7)               36 (36.0)   44 (44.0)                 56 (36.6)    24 (51.1)   
   Positive      81 (61.4)    39 (57.4)                 100 (61.3)   20 (54.1)                 47 (61.0)            73 (59.3)               64 (64.0)   56 (56.0)                 97 (63.4)    23 (48.9)   
  **MAGEA3**                              0.570                                        0.549                                    0.832                               **0.006**                              0.448
   Negative      100 (75.8)   49 (72.1)                 120 (73.6)   29 (78.4)                 58 (75.3)            91 (74.0)               66 (66.0)   83 (83.0)                 112 (73.2)   37 (78.7)   
   Positive      32 (24.2)    19 (27.9)                 43 (26.4)    8 (21.6)                  19 (24.7)            32 (26.0)               34 (34.0)   17 (17.0)                 41 (26.8)    10 (21.3)   
  **MAGEA10**                             0.136                                        0.856                                    0.059                               **0.002**                              0.404
   Negative      71 (53.8)    29 (42.6)                 82 (50.3)    18 (48.6)                 32 (41.6)            68 (55.3)               39 (39.0)   61 (61.0)                 74 (48.4)    26 (55.3)   
   Positive      61 (46.2)    39 (57.4)                 81 (49.7)    19 (51.4)                 45 (58.4)            55 (44.7)               61 (61.0)   39 (39.0)                 79 (51.6)    21 (44.7)   
  **MAGEB2**                              0.086                                        0.636                                    **0.045**                           **0.026**                              0.139
   Negative      81 (61.4)    50 (73.5)                 108 (66.3)   23 (62.2)                 57 (74.0)            74 (60.2)               73 (73.0)   58 (58.0)                 96 (62.7)    35 (74.5)   
   Positive      51 (38.6)    18 (26.5)                 55 (33.7)    14 (37.8)                 20 (26.0)            49 (39.8)               27 (27.0)   42 (42.0)                 57 (37.3)    12 (25.5)   
  **MAGEC1**                              **0.012**                                    0.421                                    **0.003**                           **\<0.001**                            0.050
   Negative      79 (59.8)    28 (41.2)                 85 (52.1)    22 (59.5)                 31 (40.3)            76 (61.8)               37 (37.0)   70 (70.0)                 76 (49.7)    31 (66.0)   
   Positive      53 (40.2)    40 (58.8)                 78 (47.9)    15 (40.5)                 46 (59.7)            47 (38.2)               63 (63.0)   30 (30.0)                 77 (50.3)    16 (34.0)   
  **XAGE1**                               **0.011**                                    0.849                                    **0.037**                           **\<0.001**                            0.689
   Negative      92 (69.7)    35 (51.5)                 103 (63.2)   24 (64.9)                 42 (54.5)            85 (69.1)               51 (51.0)   76 (76.0)                 96 (62.7)    31 (66.0)   
   Positive      40 (30.3)    33 (48.5)                 60 (36.8)    13 (35.1)                 35 (45.5)            38 (30.9)               49 (49.0)   24 (24.0)                 57 (37.3)    16 (34.0)   
  **KK-LC-1**                             0.324                                        0.834                                    0.902                               0.887                                  0.075
   Negative      66 (50.0)    39 (57.4)                 85 (52.1)    20 (54.1)                 40 (51.9)            65 (52.8)               52 (52.0)   53 (53.0)                 75 (49.0)    30 (63.8)   
   Positive      66 (50.0)    29 (42.6)                 78 (47.9)    17 (45.9)                 37 (48.1)            58 (47.2)               48 (48.0)   47 (47.0)                 78 (51.0)    17 (36.2)   
  **CTAG1A/B**                            0.104                                        0.717                                    0.124                               **\<0.001**                            0.120
   Negative      91 (68.9)    39 (57.4)                 105 (64.4)   25 (67.6)                 45 (58.4)            85 (69.1)               50 (50.0)   80 (80.0)                 95 (62.1)    35 (74.5)   
   Positive      41 (31.1)    29 (42.6)                 58 (35.6)    12 (32.4)                 32 (41.6)            38 (30.9)               50 (50.0)   20 (20.0)                 58 (37.9)    12 (25.5)   
  **VCX1**                                0.740                                        0.740                                    0.262                               0.426                                  0.092
   Negative      98 (74.2)    49 (72.1)                 119 (73.0)   28 (75.7)                 60 (77.9)            87 (70.7)               76 (76.0)   71 (71.0)                 108 (70.6)   39 (83.0)   
   Positive      34 (25.8)    19 (27.9)                 44 (27.0)    9 (24.3)                  17 (22.1)            36 (29.3)               24 (24.0)   29 (29.0)                 45 (29.4)    8 (17.0)    
  **VCX3A**                               0.647                                        0.100                                    0.361                               0.339                                  0.166
   Negative      95 (72.0)    51 (75.0)                 123 (75.5)   23 (62.2)                 59 (76.6)            87 (70.7)               76 (76.0)   70 (70.0)                 108 (70.6)   38 (80.9)   
   Positive      37 (28.0)    17 (25.0)                 40 (24.5)    14 (37.8)                 18 (23.4)            36 (29.3)               24 (24.0)   30 (30.0)                 45 (29.4)    9 (19.1)    

**Note:** The significance of the bold numbers represents that cancer/testis antigen expression is closely correlated with the related clinicopathological characteristics, and this content is listed in the result part of "Relationship between CTA expression and clinicopathological features".

**Abbreviations:** CTA, cancer/testis antigen; ADC, adenocarcinoma; SCC, squamous cell carcinoma.

###### 

Subgroup analysis of CTA expression in variable pathological types

  Variables                   SCC     ADC                                                                                                 
  --------------------------- ------- ------ ----------- -------------- ------- ----------- ------- ------ ------- -------------- ------- -----------
  **Sex**                                    0.447                                                         0.291                          
   Male                       39/90   43.3                                                  20/42   47.6                                  
   Female                     3/10    30.0                                                  22/58   37.9                                  
  **Age (years)**                            0.203                                                         0.144   1.010--4.398   2.107   **0.047**
   \<65                       32/81   39.5                                                  32/82   39.0                                  
   ≥65                        10/19   52.6                                                  10/18   55.6                                  
  **Smoking history**                        0.689                                                         0.898                          
   No                         6/15    40.0                                                  26/62   41.9                                  
   Yes                        36/85   42.4                                                  16/38   42.1                                  
  **Chemotherapy**                           **0.008**   0.183--0.678   0.352   **0.002**                  0.526                          
   No                         26/48   54.2                                                  22/48   45.8                                  
   Yes                        16/52   30.8                                                  20/52   38.5                                  
  **Thoracic radiotherapy**                  0.466                                                         0.188   0.076--1.349   0.321   0.121
   No                         38/88   43.2                                                  40/88   45.5                                  
   Yes                        4/12    33.3                                                  2/12    16.7                                  
  **TNM stage**                              0.226                                                         0.088   1.094--4.408   2.196   **0.027**
   IIIA                       30/75   40.0                                                  30/78   38.5                                  
   IIIB                       12/25   48.0                                                  12/22   54.6                                  
  **MAGEA1**                                 0.421                                                         0.726                          
   Negative                   15/44   34.1                                                  14/36   38.9                                  
   Positive                   27/56   48.2                                                  28/64   43.8                                  
  **MAGEA3**                                 0.834                                                         0.834                          
   Negative                   34/87   39.1                                                  28/66   42.4                                  
   Positive                   8/17    47.1                                                  14/34   41.2                                  
  **MAGEA10**                                0.916                                                         0.072   0.287--0.979   0.530   **0.043**
   Negative                   26/61   42.6                                                  20/39   51.3                                  
   Positive                   16/39   41.0                                                  22/61   36.1                                  
  **MAGEB2**                                 0.526                                                         0.497                          
   Negative                   26/58   44.8                                                  33/73   45.2                                  
   Positive                   16/42   38.1                                                  9/27    33.3                                  
  **MAGEC1**                                 0.484                                                         0.389                          
   Negative                   29/70   41.4                                                  17/37   46.0                                  
   Positive                   13/30   43.3                                                  25/63   39.7                                  
  **XAGE1**                                  0.120       0.238--1.224   0.539   0.140                      0.464                          
   Negative                   35/76   46.1                                                  24/51   47.1                                  
   Positive                   7/24    29.2                                                  18/49   36.7                                  
  **KK-LC-1**                                0.263                                                         0.712                          
   Negative                   18/53   34.0                                                  21/52   40.1                                  
   Positive                   24/47   51.1                                                  21/48   43.8                                  
  **CTAG1A/B**                               0.482                                                         0.752                          
   Negative                   31/80   38.8                                                  21/50   42.0                                  
   Positive                   11/20   55.0                                                  21/50   42.0                                  
  **VCX1**                                   0.087       1.138--4.132   2.168   **0.019**                  0.464                          
   Negative                   25/71   35.2                                                  34/76   44.7                                  
   Positive                   17/29   58.6                                                  8/24    33.3                                  
  **VCX3A**                                  0.264                                                         0.324                          
   Negative                   32/70   45.7                                                  31/76   40.8                                  
   Positive                   10/30   33.3                                                  11/24   45.8                                  

**Note:** Only factors with a *P*-value \<0.05 are labeled as bolded numbers.

**Abbreviations:** CTA, cancer/testis antigen; SCC, squamous cell carcinoma; ADC, adenocarcinoma; CI, confidence interval; HR, hazard ratio; O/N, observed death number/total patient number in each group.

###### 

Subgroup analysis of CTA expression in patients treated with or without postoperative adjuvant chemotherapy

  Variables                   Without Chemo-   With Chemo-                                                                                                
  --------------------------- ---------------- ------------- ------- -------------- ------- ----------- ------- ------ ----------- -------------- ------- -----------
  **Sex**                                                    0.099   0.349--1.582   0.743   0.441                      0.912                              
   Male                       36/65            55.4                                                     23/67   34.3                                      
   Female                     12/31            38.7                                                     13/37   35.1                                      
  **Age (years)**                                            0.245                                                     0.378                              
   \<65                       33/70            47.1                                                     31/93   33.3                                      
   ≥65                        15/26            57.7                                                     5/11    45.5                                      
  **Smoking history**                                        0.092   0.685--2.958   1.423   0.344                      0.174       0.321--1.189   0.617   0.149
   No                         14/33            42.4                                                     18/44   40.9                                      
   Yes                        34/63            54.0                                                     18/60   30.0                                      
  **Thoracic radiotherapy**                                  0.183   0.045--2.374   0.326   0.269                      0.707                              
   No                         47/90            52.2                                                     31/86   36.0                                      
   Yes                        1/6              16.7                                                     5/18    27.8                                      
  **Pathology**                                              0.320                                                     0.313                              
   ADC                        22/48            45.8                                                     20/52   38.5                                      
   SCC                        26/48            54.2                                                     16/52   30.8                                      
  **TNM stage**                                              0.565                                                     **0.019**   1.160--5.063   2.423   **0.019**
   IIIA                       34/70            48.6                                                     26/83   31.3                                      
   IIIB                       14/26            53.9                                                     10/21   47.6                                      
  **MAGEA1**                                                 0.980                                                     0.203                              
   Negative                   19/41            46.3                                                     10/39   25.6                                      
   Positive                   29/55            52.7                                                     26/65   40.0                                      
  **MAGEA3**                                                 0.080   1.055--4.008   2.056   **0.034**                  0.312                              
   Negative                   35/76            46.1                                                     27/73   37.0                                      
   Positive                   13/20            65.0                                                     9/31    29.0                                      
  **MAGEA10**                                                0.473                                                     0.270                              
   Negative                   26/49            53.1                                                     20/51   39.2                                      
   Positive                   22/47            46.8                                                     16/53   30.2                                      
  **MAGEB2**                                                 0.912                                                     0.379                              
   Negative                   34/66            51.5                                                     25/65   38.5                                      
   Positive                   14/30            46.7                                                     11/39   28.2                                      
  **MAGEC1**                                                 0.283                                                     0.653                              
   Negative                   26/50            52.0                                                     20/57   35.1                                      
   Positive                   22/46            47.8                                                     16/47   34.0                                      
  **XAGE1**                                                  0.078   0.260--0.968   0.502   **0.040**                  0.753                              
   Negative                   35/61            57.4                                                     24/66   36.4                                      
   Positive                   13/35            37.1                                                     12/38   31.6                                      
  **KK-LC-1**                                                0.408                                                     0.392                              
   Negative                   24/56            42.9                                                     15/49   30.6                                      
   Positive                   24/40            60.0                                                     21/55   38.2                                      
  **CTAG1A/B**                                               0.687                                                     0.677                              
   Negative                   29/60            48.3                                                     23/70   32.9                                      
   Positive                   19/36            52.8                                                     13/34   38.2                                      
  **VCX1**                                                   0.343                                                     0.302                              
   Negative                   39/82            47.6                                                     20/65   30.8                                      
   Positive                   9/14             64.3                                                     16/39   41.0                                      
  **VCX3A**                                                  0.840                                                     0.946                              
   Negative                   38/75            50.7                                                     25/71   35.2                                      
   Positive                   10/21            47.6                                                     11/33   33.3                                      

**Note:** Only factors with a *P*-value \<0.05 are labeled as bolded numbers.

**Abbreviations:** CTA, cancer/testis antigen; Chemo-, chemotherapy; CI, confidence interval; HR, hazard ratio; ADC, adenocarcinoma; SCC, squamous cell carcinoma; O/N, observed death number/total patient number in each group.
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